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Abstract 
In this study, the effect of base-band measurement setup 
errors on DPD performance was investigated and a 
calibration procedure is developed to eliminate the 
measurement errors. A base-band measurement setup is 
prepared at laboratory with instruments and then the data 
which is measured and the deteriorating effect of errors on 
Digital Predistortion (DPD) linearization performance are 
investigated. In order to eliminate deteriorating effect of this 
error a three steps calibration procedure is developed. 
Before and after calibration application DPD performance is 
measured. It is showed both in simulation and 
experimentally that the calibration procedure improved the 
DPD system linearization performance from 10 dB to 26dB 
and 13dB to 20dB, respectively. 
1. Introduction 
RF power amplifiers are (PA) widely used in 
telecommunications systems. In order to get maximum 
power, PA is derived near saturated power. Inherently 
generated intermodulation (IMD) signals in all PA which is 
derived near P1dB deteriorate the adjacent channel 
interference (ACI) and transmitter efficiency for the PA 
using in wireless system [1]. Modern communication 
systems have special standards like IEEE802.11ac. 
According to those standards IMD level should below then 
the predefined value in the communication mask [2]. 
Hence, RF power amplifier performance has important 
effect on overall communication system performance. In 
order to decrease IMD level to be in the communication 
mask there is a number of linearization technique reported 
in literature, like digital pre-distortion (DPD). Because first 
step of DPD is the extract acceptable amplifier model, these 
days, there is growing demand on power amplifier (PA) 
modelling in order to get best DPD linearization 
performance and increase the efficiency of amplifier [3-6]. 
A measurement setup to measure amplifier response is 
needed for modelling. 
It is reported in literature that the nonlinearity due to 
software program and hardware system of the instrument 
are deteriorate the measurement results [2-8].  
In this study, a base-band measurement setup is 
prepared in order to investigate the effects of measurement 
setup errors on the modelling and the DPD performance and 
then a calibration procedure is developed. This 
measurement setup is explained in the next section. Then 
measurement errors are explained in the third section. 
Calibration procedure, theory of behavioural modelling and 
DPD are explained in the fourth and fifth section. After 
calibration process, the reported measurement errors are 
diminished and improvement in the DPD performance is 
showed in the fifth section.  
2. Base-band  I/Q measurement setup 
 
Base-band  measurement setup was used to measure 
corresponding amplifier response for the excitation in order 
to extract amplifier model. Input and output measured data 
are base-band I/Q data. Base-band input and output I/Q data 
are enough to get behavioral model of the amplifier since 
DPD system is working on digital data. In other words, 
there is no need to measure carrier signal. Benchmark for 
the DPD system performance is described according to 
improvement ratio in the ACPR value numerically and 
decreasing IMD level on the spectrum analyzer screen 
visually. A general base-band measurement setup or a 
specially prepared setup can be used to measure amplifier 
response. General base-band measurement setup [9] which 
is given at Fig. 1 is composed of a Vector Signal Generator 
(VSG), a Vector Signal Analyzer (VSA) and a computer to 
download IQ data to VSG and retrieve amplifier response as 
IQ data from VSA to the computer. While some of 
researchers are using this setup with “Agilent 89600 VSA 
SOFTWARE” [10, 11], some of researchers are preparing 
their own measurement setup [12-16].  
Only uncalibrated base-band  IQ data can be taken from 
Vector Signal Analyzer-VSA (Agilent- EXA N9010A) 
instrument without using expensive VSA Software. These 
data deteriorate the DPD performance since the data are not 
calibrated. 
A calibration procedure is developed in the MATLAB 
program to take base-band  data from VSA and then 
calibrate it without using Agilent VSA Software. Firstly a 
measurement system is prepared at laboratory and the 
photograph of the measurement system is given at Fig. 2. In 
the measurement setup a Agilent- 8267D as Vector Signal 
Generator-VSG and a Agilent- EXA N9010A as Vector 
Signal Analyzer-VSA instruments were used in order to 
generate and measure base-band  data at this setup. In 
addition to these instruments, a computer was used to 
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generate base-band  I/Q waveform and to download it to the 
VSG then to retrieve base-band  I/Q data from the VSA.  
Data downloading and retrieving operation was 
performed by a MATLAB based program instead of the 
“Agilent 89600 VSA SOFTWARE”. An amplifier having 
47dBm output saturation power and working at 1MHz to 
40MHz frequency range was used. 10 MHz reference cable 
and Trigger cable connected to the instruments for time 
alignment. Two different connection, state-1 and state-2, 
were used in order to calibrate the system and measure the 
amplifier response. 
Digitally modulated QAM64 signal having 800.000 
sample is used as base-band  excitation data. Hereafter this 
signal is called as input/excitation signal. 
 
Fig. 1 General Base-band  Measurement Setup [9] 
 
Fig. 2 Measurement Setup 
3. Measurement Errors 
Firstly, the measurement connection cable has been taken at 
state-1 which means that the input signal generated from the 
VSG was directly measured from the VSA. Although there 
are a 10MHz reference and trigger, there can be a 
misalignment between the downloaded and the measured 
signals. This is why a time alignment was performed. The 
magnitude of the digitally generated (downloaded to the 
VSG), measured data and the zoomed version were plotted 
as seen in Fig. 3. 
One can easily observe that there is a difference between 
the loaded and the measured data. This means that the 
amplifier is excited with a signal different than the one that 
was loaded. Hence, it is almost impossible to find a better 
model by using loaded data to increase ACPR by using DPD 
system. The data plotted on Fig. 3 are normalized to its 
maximum value. The maximum error in the magnitude is 
±0.1 V and the maximum phase error is ± 20° as it can be 
seen from Fig. 4 and Fig. 5. This much error is unacceptable, 
especially by considering the ACPR between fundamental 
signal and intermodulation (IMD) signal is approximately 
30dBc. As a result, this situation result in indispensable 
performance deterioration in DPD. Therefore, calibration 
procedure is foregone conclusion.  
Since it is out of scope of this study, the source of errors 
was not investigated. In addition, it is thought that this error 
is not resulted from I/Q imbalance as investigated in [17]. It 
is presumed that distortion is generated by the amplifier at 
the output stage of the instrument in high power output 
situation. 
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Fig. 3 Magnitude of loaded and time aligned measured 
data under connection-1 
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Fig. 4 Magnitude error between loaded and time aligned 
measured data under connection-1 
 
4. Calibration 
A calibration procedure was developed, in order to get rid of 
the measurement errors, both in magnitude and in phase. 
The calibration procedure consists of 3 steps: magnitude 
calibration, phase calibration and testing. The measurement 
setup connection is taken to the state-1 and then three 
measurements at three different power levels are performed. 
i. The magnitudes of the loaded data and the first 
measurement results are compared. The errors between 
these signals are stored as “magnitude correction ratio 
array”. 
ii. The phases of the loaded data and the second 
measurement results are compared. The errors between 
these signals are stored as “phase correction value 
array”. 
iii. The magnitude of the third measurement results are 
multiplied, sample by sample, with the “magnitude 
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correction ratio array”. Then the phase of the third 
measurement result is shifted as “phase correction 
value array”, sample by sample. The magnitude and the 
phase errors between the loaded data and the third 
measurement data on which magnitude and phase 
calibration was applied are compared.  
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Fig. 5 Phase error between loaded and time aligned 
measured data under connection-1 
 
After calibration, magnitudes of loaded and measured 
signal, magnitude error and phase error are plotted as it can 
be shown from, Fig. 6, Fig. 7 and, Fig. 8 respectively. It is 
seen from these graph that majority of errors are eliminated. 
After calibration, the maximum error in the magnitude is 
decreased from ±0.1 V to ±0.002 V and the maximum 
phase error is decreased from ± 20° to ± 
3°.
0 1 2 3 4 5 6 7 8
x 10
5
0
0.2
0.4
0.6
0.8
1
Sample number
M
a
g
n
it
u
d
e
 
 
+ Loaded
o Measured
 
Fig. 6 Magnitude of loaded and time aligned measured 
data after calibration 
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Fig. 7 Magnitude error after calibration 
5. Behavioral Modelling and DPD 
 
5.1. Modelling with memory polynomial 
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Fig. 8 Phase error after calibration 
 
There are a number of polynomial modelling techniques in 
the scientific literature. In this study, the Unit Delay 
Memory Polynomial modelling (MPM-[18]) technique was 
used to get the model of PA. Mathematical representation of 
model is given in (1).  
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        (1) 
where x[n] represents the I/Q input signal, z[n] represents 
the I/Q output signal, ak,q represents the modelling 
polynomial coefficients (M × K), K represents the 
polynomial order and M represents the number of delay line. 
5.2. Digital predistortion 
DPD is one of the preferred linearization techniques because 
of surpassing properties such as general system efficiency, 
application performance and adaptability. The structure of a 
linearization was frequently explained in literature [10,18-
23]. Briefly, a DPD system is modeled as a black box, 
namely a Pre-distorter (PD) having nonlinear characteristic, 
which is cascade connected to the PA. The main function of 
a PD block is to distort the input signal before exciting the 
amplifier such that the overall system response will become 
linear. DPD system block diagram is given in Fig. 9. PD 
input-output characteristics is just inverse of PA input-
output characteristics as shown in Fig. 10. Although, only 
PD block (modelling function and coefficients) is enough to 
apply real DPD system, PA modeling is necessary for DPD 
system simulation. In this study, a special MATLAB 
program is prepared to simulate DPD system by using 
loaded data and the measured PA response data. 
While simulating the DPD system, measured data are 
needed. To do so, firstly calibration process is performed, 
then connection is taken at state-2 and amplifier response to 
the excitation signal is measured as I/Q data. Amplifier 
model is extracted (model coefficients which are defined in 
(1) are found) by using input data as x[n] and output data as 
z[n] in (1). This model is named as Forward model and only 
be used in DPD simulation. As a next step, namely Inverse 
model is extracted by taking input data as z[n] and output 
data as x[n] in (1). Inverse model (PD block) is used both for 
simulation and real DPD system. The relation between x[n] 
and z[n] is nonlinear. There is similar relation between Vi-pd  
and Vo-pd as shown in Fig. 10. Similarly, the relation 
between v[n] and x[n] is nonlinear and similar relation 
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between Vi and Vi-pd as shown in Fig. 10. Finally, overall 
expected DPD system relation between v[n] (input of the 
DPD system) and z[n] (output of the DPD system) will 
become linear. 
 
 
Fig. 9 Generic predistortion scheme [22] 
 
Fig. 10 Overall DPD system (Mekechuk et al., 2004). 
6. Discussion 
The modeling accuracy can be evaluated by using the 
normalized mean square error (NMSE) parameter which is 
defined at [24]. 
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Fig. 11 Frequency spectrum of the measured data (input 
and output) and simulated data (un-calibrated and 
calibrated DPD output) 
 
This evaluation is applied both for calibrated and un-
calibrated data. Frequency spectrum of the measured input 
and output, simulated DPD output for the un-calibrated 
system and DPD output for the calibrated system is given in 
Fig. 11. NMSE values of the without calibration situation 
and the with-calibration situation are -26.57dB and -33.97 
dB, respectively. 
In a real measurement setup, the input is applied to the 
Inverse model [25]. Output of the inverse model, distorted 
signal, is loaded to the VSG then it is applied to the PA. 
Afterwards, the PA response is measured both for calibrated 
and un-calibrated distorted input data. The VSA screen is 
saved while the VSA is working for the spectrum sweeping 
mode, to show the spectrum of input, output, DPD output for 
the un-calibrated system and the DPD output for the 
calibrated system as given in Fig. 12. ACPR improvement 
ratio is tabulated as given in Table 1.  
Table 1 DPD Performance comparison with PA 
 
Without 
Calibration 
With 
Calibration 
Simulated DPD 
improvement 
9.75dB 26 dB 
Real System 
DPD 
improvement 
12.99 dB 20.334  
 
 
Fig. 12  VSA screen showing frequency spectrum of 
input(yellow-1), output(blue-2) and un-calibrated DPD 
output(green-3) and calibrated DPD output(magenta-4). 
7. Conclusions 
In this study, the effect of base-band  measurement setup 
errors on DPD performance was investigated and a 
calibration process is developed. General base-band  
measurement setup of which details are explained in 
literature is used to measure base-band  signal. Measurement 
setup connection is taken at state-1, the signal generated by 
VSG is measured. It is realized that there is difference 
between loaded signal and measured signal. Although the 
source of errors was not investigated, since it is out of scope 
of this study, it is presumed that the distortion is generated 
by the amplifier at the output stage of the instrument in high 
power output situation. These distortions are being 
eliminated with the calibration process developed under this 
study. This calibration process is the alternative way of 
expensive options for error elimination for this type of 
measurement. 
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